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SPHERICAL MULTICOMPONENT OPTICAL 
SOLATOR 
BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The present invention relates to multicomponent 
optical devices and, more particularly, to various ar 
rangements including regions with different optical 
properties such that a single device may perform a num 
ber of different optical functions. A manufacturing 
technique related to batch fabrication of such devices is 
also disclosed. 
2. Description of the Prior Art 
Many optical communication systems require various 
passive optical components such as, for example, lenses, 
optical isolators, dichroic filters, and polarization split 
ters. Lenses are used to couple light between active 
devices (e.g., lasers or LEDs) and optical fibers. These 
lenses have many different geometries, as indicated by 
the common use of spherical lenses and cylindrical 
graded index lenses. Optical isolators may be used in 
applications such as high bit rate transmitters and opti 
cal amplifiers to prevent reflected signals from re-enter 
ing active semiconductor optical devices such as lasers. 
Dichroic filters are often utilized in multiplexer/demul 
tiplexer schemes to separate the various operating 
wavelengths and to increase the capacity of the commu 
nication system. Polarization beam splitters are used in 
coherent optical receivers which require polarization 
diversity to achieve data recovery. Many requirements 
for other passive optical components also exist. 
Additionally, the packaging assembly processes for 
many lightwave devices include many time-consuming 
and expensive operations. For example, in most conven 
tional lightwave communication systems, the multiplic 
ity of passive optical components are individually 
mounted and aligned. The alignment operation becomes 
problematic in packages of relatively small size which 
necessitates extremely tight spaces between compo 
nents. The reduction in package size additionally in 
creases the need to reduce, where possible, the number 
of such components contained in a single package. Me 
chanical stability of the final package is another demand 
on the system design. 
There exist in the optics art various spherical cou 
plers which include a first spherical lens embedded 
within a second coupling component. U.S. Pat. No. 
4,257,672 issued to L. Balliet on Mar. 24, 1981 discloses 
one such arrangement with a spherical core lens com 
pletely surrounded by a spherical shell. The index of 
refraction of the core is greater than that of the shell. 
The Balliet sphere is utilized to provide coupling be 
tween an LED and an optical fiber. In an alternative 
arrangement disclosed in U.S. Pat. No. 4,557,566 issued 
to K. Kikuchi et al. on Dec. 10, 1985, a spherical core is 
surrounded by a cladding which is half spherical and 
half cylindrical, forming a GRIN-spherical confocal 
lensing arrangement. These and other prior art designs 
are deemed to be relatively simple arrangements which 
may perform only the function of coupling the optical 
signal between an active optical device (e.g., laser, 
LED) and the transmitting fiber. 
U.S. Pat. No. 4,753,489 issued to W. F. M. Tolksdorf 
et al. on Apr. 5, 1988 discloses an alternative spherical 
device particularly developed for rotating the plane of 
polarization of linearly polarized light passing there 
through. In particular, the Tolksdorf et al. device com 
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prises a ball lens made from magnetic crystalline mate 
rial preferentially magnetized in the direction of light 
transmission, where the ball lens consists of two domes 
of magnetic garnet material whose basal planes are 
oriented parallel to one another and perpendicular to 
the direction of light transmission, with a spherical 
member between the domes consisting of optically 
transparent non-magnetic garnet material. The sphere 
can be rotated to adjust the effective thickness of the 
magnetic material, thus providing the ability to match 
the magnetooptical rotation to the wavelength of the 
light signal propagating therethrough. In fabrication, 
equally thick layers of magnetic garnet material are 
epitaxially deposited on the major surfaces of a sub 
strate consisting of optically transparent non-magnetic 
garnet material. The coated substrate is then sawed into 
cubes, and the cubes are ground to form spheres. The 
Tolksdorf et al. process is considered to contain several 
drawbacks. For example, there is considerable difficulty 
in growing epitaxial layers on opposite major surfaces 
of a substrate such that the epitaxial layers are equally 
thick. Additionally, epitaxial growth is known to be a 
thickness-limited process, due to slow growth rates and 
relatively large strains from mismatched lattice sizes. 
Therefore, the ability to form spherical polarization 
rotators of the relatively large size (as compared to 
integrated circuits utilizing epitaxial growth techniques) 
required for most optical applications is questionable in 
the Tolksdorf et al. process. Further, the type of optical 
device which may be fabricated is limited to those 
which require only the epitaxial deposition of similar 
materials. Additionally, the actual device structure as 
disclosed by Tolksdorf et al. may suffer performance 
limitations in that the magnetic material performing the 
desired rotation is formed in a manner such that the 
magnetic material performing the desired rotation is 
formed in a manner such that the magnetic domes are 
not uniformly thick. Therefore, a linearly polarized 
signal passing through the central axis (indicated by 
numeral 9 in the figure), where the dome thickness is 
maximum, would experience a greater rotation than 
those signals traveling in parallel paths, displaced from 
axis 9 where the dome thickness is smaller. Lastly, the 
device as disclosed by Tolksdorf et al. required addi 
tional discrete, external components (i.e., polarizers) in 
order to perform the complete optical isolation func 
tion. 
In light of the above, therefore, a need remains in the 
prior art for a means of reducing the size, cost, align 
ment difficulties, fabrication problems and various other 
limitations in lightwave communication arrangements 
which require a number of separate optical functions. 
SUMMARY OF THE INVENTION 
These and other concerns of the industry are ad 
dressed by the present invention which relates to multi 
component optical devices and, more particularly, to 
various devices comprising a body with a spherical 
surface through which light propagates, the body in 
cluding regions with different optical properties such 
that a single sphere may perform a number of different 
optical functions. The ability to include a number of 
different optical functions (such as, for example, isola 
tion, wavelength multiplexing/demultiplexing, notch 
filtering, or polarization splitting) results in significantly 
reducing the number of individual components utilized 
in most conventional arrangements. Further, the use of 
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a sphere allows for the end domed regions of the body 
to function as a pair of lenses. The spherical surface also 
reduces the complexity of aligning the body to the opti 
cal communication signal path (i.e., the sphere may 
simply be inserted in a V-groove formed in the substrate 
supporting optical communication paths). 
In an exemplary embodiment of the present inven 
tion, a multicomponent sphere may comprise a first 
spherical segment region with a first optical property 
and a second spherical segment region with a second (i.e., different) optical property (or magnitude of prop 
erty, such as two different indicies of refraction), with 
an essentially planar interface formed by the adjoining 
bases of each segment. An optical signal passing 
through the sphere will thus be modified as a function of 
the difference in optical properties. For example, the 
first region may comprise a spherical glass segment 
with a first refractive index n1, and the second region 
may comprise a spherical glass segment with a second 
refractive index n2, where n> n2. The exemplary multi 
component sphere will thus perform as a mode trans 
former capable of coupling a signal between a first 
device with a large NA (for example, a laser) into a 
second device with a relatively small NA (for example, 
an optical fiber). 
In an alternative embodiment of the present inven 
tion, a multicomponent device may comprise a number 
of different regions including a first lens region, an 
intermediate optical component (or components) region 
and a second lens region, the intermediate component(s) 
being disposed between the first and second lens re 
gions. An optical signal impinging the multicomponent 
device would therefore pass through the first lens and 
be focused into the optical component(s) and exit 
through either the first or second lens, depending upon 
the parameters of the signal and the properties of the 
optical component(s). The regions may be attached 
using bonding material disposed away from the optical 
signal path. The bonding material may be disposed in 
any suitable pattern as, for example, a series of separate 
segments, or as a continuous annular ring. The use of an 
annular ring of water impermeable bonding material 
having the additional advantage of providing a her 
metic seal for the final device structure. 
It is an advantage of the present invention that the 
multicomponent devices may be produced using a batch 
process such that many essentially identical spheres 
may be simultaneously formed. In one exemplary fabri 
cation process, relatively large sheets of the different 
materials utilized to form the various optical regions are 
attached to one another to form a laminated structure. 
The laminate is then diced to form a large number of 
cubes with the desired optical properties. The cubes are 
then rounded (e.g., ground, polished) into the desired 
spherical shape. 
Other and further advantages of the present invention 
will become apparent during the course of the follow 
ing discussion and by reference to the accompanying 
drawings. 
BRIEF DESCRIPTION OF THE DRAWING 
Referring now to the drawings, where like numerals 
represent like quantities in several views: 
FIG. 1 illustrates an exemplary mode transforming 
optical sphere formed in accordance with the present 
invention; 
FIG. 2 illustrates an exemplary Fabry-Perot device 
formed in accordance with the present invention; 
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4. 
FIG. 3 illustrates, in an exploded view, the exemplary 
Fabry-Perot device of FIG. 2; 
FIG. 4 illustrates an exemplary optical isolator 
formed in accordance with the present invention; 
FIG. 5 illustrates an exemplary wavelength division 
multiplexer/demultiplexer formed in accordance with 
the present invention; 
FIG. 6 illustrates an exemplary polarization splitter 
formed in accordance with the present invention; 
FIGS. 7-9 illustrate an exemplary batch fabrication 
process for an exemplary spherical optical isolator 
formed in accordance with the present invention; and 
FIG. 10 illustrates an alternative multicomponent 
device of the present invention which includes a non 
spherical portion. 
DETALED DESCRIPTION 
FIG. 1 illustrates an exemplary lightwave system 
including a relatively simple multicomponent optical 
sphere 10 formed in accordance with the present inven 
tion. Sphere 10, which may be utilized as a mode trans 
former, includes a first spherical segment region 12 with 
an index of refraction n1 and a second spherical segment 
region 14 with an index of refraction n2, where n > n2. 
A planar interface 16 is formed at the intersection of 
bases 13 and 15 of regions 12 and 14, respectively. Inter 
face 16 may be antireflection (AR)-coated to reduce 
reflections. The outer surface 17 of sphere 10 may also 
be AR-coated to reduce reflections. Sphere 10, as 
formed, may be used to focus an optical signal between 
a first component 18, such as a laser, waveguide or large 
NA optical fiber, and a second component 20, such as a 
small NA fiber. In particular, an optical signal I exits 
first component 18 with a relatively large beam angle a 
and impinges AR-coated first region 12. Signal I will 
converge, at a first rate, as it propagates through region 
12. Since interface 16 is AR-coated, very little signal 
will be reflected, most entering second region 14. Signal 
I will thus converge, at a second (slower) rate, as it 
propagates through second region 14. Upon exiting 
sphere 10, optical signal I is focused into second compo 
nent 20. As shown in FIG. 1, the beam entrance angle (3 
of second component 20 is less than angle a. associated 
with first component 18. Therefore, the use of mode 
transformer 10 allows for a significant portion of the 
transmitted signal to be coupled into second component 
20. The relative sizes of regions 12 and 14, and their 
respective refractive indicies, will determine the degree 
of mode conversion. 
The simplicity of the spherical design allows for 
mode transformer 10 to be positioned within an etched 
groove (or pyramidal opening) 22 in a support substrate 
24 holding the remaining optical components (e.g., fi 
bers, waveguides, light sources). Misalignment between 
first component 18 and second component 20 may be 
compensated by rotating sphere 10 such that interface 
16 is angled with respect to the optical signal path, as 
shown in FIG. 1. Such a method of providing beam 
steering does not require any x-y displacement of sphere 
10, as is required in conventional multicomponent beam 
steering arrangements. Rotation of sphere 10 may also 
be used to prevent reflected signals from re-entering the 
incoming signal path, thus providing a degree of isola 
tion between the input and output paths. In the case of 
isolation, components 18 and 20 may be intentionally 
offset to compensate for the off-axis beam leaving the 
sphere. 
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In fabrication, region 12 (which may comprise silica 
glass) is attached to region 14 (which may comprise 
silicon dioxide) with, for example, an adhesive such as a 
metal solder bond, anodic bond, thermo-compression 
seal, or epoxy. The adhesive may be attached to form an 
annular bond 26 removed from the optical signal path, 
since the bonding material may not be transparent at the 
transmission wavelength. Alternatively, localized re 
gions of bonding material, instead of a complete annu 
lus, may be used. As will be discussed in detail below, 
the use of an annular bond is especially attractive when 
it is desired to form a hermetic device. 
A Fabry-Perot device, formed using a multicompo 
nent optical sphere 30, is illustrated in FIG. 2, with an 
exploded view in FIG. 3. Device 30 includes a pair of 
mirrors 32,34 with a spacer element 36 disposed there 
between. As shown, spacer 36 includes a central cavity 
38 through which the optical signal will propagate back 
and forth between mirrors 32,34 (it is to be noted that 
cavity 38 is optional, depending upon the design of the 
filter). A pair of lenses 40, 42 formed of spherical seg 
ments, are positioned at the input and output of the 
Fabry-Perot device to provide the required coupling of 
the light signal into and out of the device. As shown in 
FIGS. 2 and 3, lens 40 is attached along its base 41 to 
mirror 32 and lens 42 is attached along its base 43 to 
mirror 34. All attached surfaces, for this and other de 
vices described below, may be AR-coated to reduce 
reflections. In operation, the thickness t of spacer 36 is 
a factor in determining the wavelength of the signal 
exiting lens 42. As is well-known in the art, such an 
arrangement will thus perform as a resonant transmis 
sion filter (e.g., notch filter) at a predetermined wave 
length. 
FIG. 4 illustrates a multicomponent spherical optical 
isolator 50 formed in accordance with the present in 
vention. In general, isolator 50 functions to allow a 
forward direction optical signal IF from a source 52 to 
pass through isolator 50 and into a receiving element 53, 
while virtually preventing reflected signals IR originat 
ing at element 53 from re-entering source 52. Isolator 50 
comprises a Faraday rotator material 54, with a pair of 
linear polarizers 56,58 disposed on either side thereof. 
As will be discussed hereinafter in association with 
FIG. 7, polarizers 56,58 may be formed as an integral 
part of Faraday rotator material 54. That is, the polariz 
ers may comprise a series of grating lines etched into a 
coating on each major surface of material 54. Alterna 
tively, a separate pair of polarizing sheets may be used. 
A pair of lenses 60,62 are attached as shown in FIG. 4 
to polarizers 56 and 58, respectively. In operation, isola 
tor 50 is surrounded by a permanent magnet (not 
shown) which induces a predetermined non-reciprocal 
angular rotation on optical signals passing through Far 
aday rotator material 54. Polarizers 56 and 58 are ori 
ented so that signal IF will pass through unimpeded. 
Since the Faraday rotation is non-reciprocal, the re 
flected signal IR will be essentially blocked by polarizer 
56 and substantially prevented form re-entering compo 
nent 52. Advantageously, the spherical design of isola 
tor 50 allows for the functions of coupling (60,62) and 
isolation (54,56,58) to be combined into a single, rela 
tively small, inexpensive and self-aligned component. 
As with mode transforming sphere 10 of FIG. 1, isola 
tor 50 may be rotated within its placement cavity (not 
shown) to provide beam steering. An exemplary fabri 
cation process of an isolator will be described below in 
association with FIGS. 7-9. 
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The component reduction and self-alignment advan 
tages of the multicomponent sphere of the present in 
vention are also found in a spherical multiplexer/demul 
tiplexer (mux/demux) 70, illustrated in FIG. 5. Mux/- 
demux 70 comprises a dichroic filter 72 disposed be 
tween a pair of glass lensing regions 74,76. Filter 72 may 
be attached to regions 74,76 using a pair of annular 
bonds 75 and 77, respectively. When operating as a 
demultiplexer, an incoming lightwave signal along a 
first waveguide 78 contains information at a first wave 
length A1 and a second wavelength A2. Both wave 
lengths pass through lens 74 and are coupled into di 
chroic filter 72. In this particular example, filter 72 is 
designed to reflect wavelength \l and pass wavelength 
A2. First wavelength Al is thus redirected through an 
other portion of first lens 74 and is coupled into a sec 
ond waveguide 80. The signal at wavelength A2 will 
pass through filter 74 and second lens 76 and subse 
quently be coupled into a third waveguide 82. Wave 
length mux/demux 70, a single sphere, thus replaces 
four separate components used in conventional mux/- 
demux operations (three lenses, dichroic filter). Fur 
ther, as mentioned above, the use of a single sphere 
results in a self-aligned arrangement. 
A similar arrangement may be formed in accordance 
with the present invention to perform polarization split 
ting/combining, as shown in FIG. 6. In this case a po 
larization sphere 90 comprises a polarization film 92 
disposed between a pair of lenses 94,96. An incoming 
signal of randon polarization IRDM along a first wave 
guide 98 will propagate through first lens 94 and im 
pinge polarization film 92. Film 92 functions to separate 
signal IRDM into known, orthogonal components, de 
noted IL and I. The tilt of film 92 provides for first 
component IL to be redirected through first lens 94 and 
into a second waveguide 100. Second component I 
will then pass through second lens 96 and be focused 
into a third waveguide 102. 
As discussed above, an advantage of the multicompo 
nent sphere arrangement of the present invention is the 
ability to simultaneously form a large number of essen 
tially identical spheres using batch processing tech 
niques. An exemplary batch fabrication process, associ 
ated with the formation of an optical isolator (such as 
that illustrated in FIG. 4) will be described below in 
association with FIGS. 7-9. It is to be understood that 
the following description is exemplary only, and there 
may exist many modifications to the fabrication process 
which will result in the formation of a multicomponent 
device of the present invention. Further, the following 
discussion is simplified, in terms of the number of like 
products which are formed from a single batch. During 
actual production, many hundreds of spheres may be 
simultaneously formed. 
Referring to FIG. 7, the fabrication process begins by 
attaching together relatively large sheets (for example, 
approximately four inches square) of material, which 
exhibit the desired optical properties, in the required 
order. For the isolator of FIG.4, an exemplary laminate 
200 includes a first sheet 260 of glass which may be used 
to form first lens 60. A sheet of Faraday rotator material 
254, for example, a garnet film, is then attached to first 
sheet 260. In one exemplary fabrication technique, sheet 
254 is first processed to form a number of properly 
spaced grating lines 210, 212 on either major surface 
thereof, grating lines 210, 212 being oriented so as to 
allow the desired optical signal to pass therethrough 
(grating lines 212 being illustrated in phantom). It is to 
5,267,077 
7 
be understood that grating lines 210,212 completely 
cover the front and back major surfaces of sheet 254. As 
shown in FIG. 7, the attachment of lens sheet 260 to 
rotator material 254 may be completed using a number 
of, for example, annular bonds 220 or bond segments 
222 of an appropriate size to allow the unimpeded pas 
sage of the desired signal in the final product (see FIG. 
4). As mentioned above, the bonding material may com 
prise a metal solder, epoxy, or any other suitable adhe 
sive. Anodic bonding or thermo-compression seals may 
also be used to provide attachment. Although only a 
few bonds are shown, it is to be understood that a large 
number of such bonds are used to mate sheet 260 with 
sheet 254. Lastly, a second sheet of glass 262, used to 
10 
form lens 62, is attached to the exposed major surface of 15 
Faraday rotator material 254, using a similar set of an 
nular bonds or bond segments. 
Advantageously, the use of annular bonds in accor 
dance with the teachings of the present invention results 
in the formation of a hermetic device. Hermeticity can 
be a problem with such multilayer components, since 
the materials used to form the filters (e.g., sputtered or 
deposited glasses) are usually porous. The annular 
bonds used in this invention, comprising a water imper 
meable material, form a complete seal around the perim 
eter of the device, yielding a relatively simple and inex 
pensive method of providing hermeticity. 
In an alternative fabrication process, the polarization 
components may comprise a pair of polarizing sheets 
256,258, rather than being directly formed on the sur 
faces of rotator material 254. FIG. 8 illustrates a side 
view of this particular embodiment. In this process, the 
proper alignment of a pair of polarizing sheets 256,258 
will result in essentially complete passage of a forward 
directed signal IF and essentially complete blockage of a 
reverse directed signal IR, these signals being illustrated 
in a side view of laminate 200' in FIG.8. The alignment 
condition may be advantageously realized in accor 
dance with this alternative fabrication process by physi 
cally rotating either or both sheets 256 and 258, before 
the bonding material cures, until the desired conditions 
are achieved. Simply, a light source may be shown onto 
laminate 200 in the direction of IR and plates 256 and/or 
258 rotated until little or no light exits first lens sheet 
260. This type of batch formation thus allows for polar 
izers of essentially any orientation to be utilized, as long 
as they can be manipulated prior to adhesive curing to 
provide the desired optical isolation. 
Subsequent to the attachment (and curing, if any), 
laminate 200 may be cut or diced along the dotted lines 
shown in FIGS. 7 and 8 to form a number of individual 
cubes, each cube thus comprising essentially identical 
optical properties. One such cube 250 is illustrated in 
FIG. 9. A spherical optical isolator 50 as illustrated in 
FIG. 4 may then be formed simply by grinding or pol 
ishing cube 250. 
It is to be understood that the present invention is 
directed to the formation of relatively compact optical 
devices which include a number of separate optical 
components. In most cases, such devices will maintain 
their spherical shape as described and illustrated above. 
However, in certain applications it may be desirous to 
form a device including a relatively flat (i.e., non-spheri 
cal) portion. For example, if the multicomponent device 
is to be directly attached to a planar surface, it may be 
preferable for the device to also include such a surface. 
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FIG. 10 illustrates an exemplary wavelength division 
multiplexing device 270 of the present invention which 
has been further processed (e.g., polished, ground, or 
sawed) so as to include a relatively planar surface 272. 
Device 270 may then be attached along surface 272 to a 
relatively flat major surface 274 of a substrate 276. 
Other arrangements embodying devices with non 
spherical shapes are possible and are considered to fall 
within the scope of the present invention. 
I claim: 
1. A multicomponent spherical optical device com 
prising 
a first spherical segment lensing region and a second 
spherical segment lensing region, each region in 
cluding a base; and 
an intermediate optical component region comprising 
an optical isolator disposed between the first and 
second lensing regions so as to form a relatively 
planar interface with each base, wherein the optical 
isolator comprises 
a first linear polarizer disposed adjacent to the base of 
the first lensing region; 
a second linear polarizer disposed adjacent to the base 
of the second lensing region; and 
Faraday rotation material disposed between said first 
and second linear polarizers, the combination of 
said first and second segments with said intermedi 
ate optical component region forming a spherical 
optical device including a spherical outer surface. 
2. A spherical optical isolator comprising 
a first spherical segment lensing region, including a 
base; 
a second spherical segment lensing region, including 
a base; 
first polarizing means attached to the base of said first 
spherical segment lensing region; 
second polarizing means attached to the base of said 
second spherical segment lensing region; and 
Faraday rotation means including opposing first and 
second major surfaces and disposed between said 
first and second polarizing means, wherein the 
combination of said first and second spherical seg 
ments, said first and second polarizing means, and 
said Faraday rotation means forms the spherical 
optical isolator including a spherical outer surface. 
3. A spherical optical isolator as defined in claim 2 
wherein the first and second polarizing means are 
formed directly on the first and second major surfaces 
of the Faraday rotation means. 
4. A spherical optical isolator as defined in claim 3 
wherein 
the first and second major surfaces of the Faraday 
rotation means each comprise an optically opaque 
coating; and 
the first and second polarizing means comprise a first 
and second plurality of grating lines etched into 
said optically opaque coatings. 
5. A spherical optical isolator as defined in claim 2 
wherein the first and second polarizing means comprise 
separate optical components attached to the first and 
second major surfaces of the Faraday rotation means. 
6. A spherical optical isolator as defined in claim 2 
wherein the Faraday rotation means comprises a garnet 
film. 
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